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Searches for New Physics
at Colliders

XXV Physics in Collision 7
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Why ? |

Why should we search for New Physics?

» There are several theory-oriented answers
=Problems in the Standard Model
—>From the hyerarchy problems to FCNC to CP violation
- The Higgs sector becomes unstable at high energy
—->Why three generations? And masses..?
2.
» Also some hints of open questions:
=Cold Dark Matter
=Neutrino masses
=Unification of coupling constants at Mp scale?
=How to marry gravity with QT?
» Overall in the following I will restrict to the view
that at “very large energy” something must happen

= It is lot of fun to check whether this has an impact on
today phenomenology

~
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Where? |

The energy frontier is an optimal place to look for new
physics
» Present.:

=>HERA (DESY, Hamburg)

—> A collider where electron and proton collide with beam
energies of 27.6 and 920 GeV, i.e. sqrt(s)=320 GeV

—>Hera2: since 1/2005 e-p with polarized leptons

= Tevatron (Chicago)

—>Pbar-p collider at cms energy of 1.8 TeV from 1985 through
1996 now running at 1.96 TeV

» Future

=>LHC
—>p-p collider starting operations in 2007 at CERN

= 1L.C?
» | will concentrate on results from present machines
=Results since Summer 04

For description of experiments and machines see talks
by Robin, Pierre, Zhiquing, Don, Juan..

~

)
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Tevatron Run 11 integrated luminosity I

1000 1500 2000 2500 3000 3500 4000

Year 2002 2003 2004 2005
_ Month1_ 4 7 10 1 p Q1 4 7 14
A1000 |
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"2 800 |
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€ | | Delivered: 1.0069 fb1
5 600r 1 Ontape : 0.802 fb
R
ﬁ 400 Analyses
| | presented today:
200 e
[ -1 Delivered
| | 200, 450 pb fivered
ol

Store Number

\_

DO & CDF would like to congratulate
and thanks the Accelerator Division
for this great accomplishment!!

Gior

gio Chiarelli, INFN Pisa
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1 fb! datadelivered !!

So far, ~ 800 pb-1 to tape for both
CDF and DO

Total Luminosity till 2009 : Base ~
4.5 fb!, Design~8fb?

—
=

sof May 23, '05,

integrated luminosity (fb-1)

I I 1 ! I I

LHC

: Tevatron Run 2
Luminosity Projections
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What is New Physics ? |

By dubbing New Physics anything which
IS not Standard Model we already set

the way to look for it from an w
experimental point of view U
» Select observables which might be

affected by the existence oT new
physics
=Compare Standard Model expectations
with data
- It takes a lot of ingenuity .
y < T€£ }
» Therefore we will be talking of ”
familiar physics objects:
=charged leptons

@ani%sinfq energy due to n escaping Wt
etection Y
=>jets “ 2

» Different scenarios sometimes share
the same final state topology

N /
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Possibilities for new physics |

Several possibilities..and lots _w=—""— .
of constraints _

» The SM has been tested to; |
unprecedented accuracy

=put the Higgs sector, a key

PP, Vs=1.96TeV ]

section (pb)

Ingredient has not been 00 T 0 160 180 200
discovered ki
eThat Ieaves room for Options 1 SMHiggslbranchinglratiDS{HDECA‘E} ———
=9 L eiray >But first let’s look at what's ]
>114.NGeV/c? going on £
£ ol
e N e
& - Nggs Sensitivily Study (03) SRR ) : E=]
g10 - COONQEE T i
z NS g —
£ e 100 120 140 160 180 200
2 i 'Ulsf%tfvery . m,, (GeV/c2)
- sl = - Tevatron reachz. X
v S At s S s eyt e |\/||_| ~130 GeV/c
100 105 110 115 120 125 130 135 140
k Higgs Mass m,, tGa’u‘.‘c’}
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CDF has searched for the Higgs in
» WH (H->bb)—->Inbb
= Low M,,, b-jet tagging
» WH(H>WW*) 2 [ +X
= Relevant for
->M,> 160 GeV/c?
—>Bosophilic/fermiophobic H
» HOWW*2F*+nn | I
= Relevant for M >150

€82 SM Higos at the Tevatron |w

DO searched for SM Higgs in

» ZH (H->bb, Z->nn)

= Good calorimetric
coverage

» WH(H->bb, W->1n)
= b tagging
» WW*211+X

Tevatron Run II Preliminary

\_

Giorgio Chiarelli, INFN P

oy b ]
= Zlizgg i pb™ HE)“L\FS:_EI-YIV
— k\—\-‘ ir]t_ p
o 10 “ =
X p——
= WH-—>evbb = N HoWWO Ssiviy
S L _—382pb'! e LT L _=299-325 pb
) 1 int
D
“z 7 H—sW "
e WH—Wbb
& -1 ——
sz 9 —— DO Limit
e —— CDF Limit
2 —— SM Prediction
10 ' |
110 120 130 140 150 160 170 180
my (GeV)
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Problems... |

The Higgs sector (being a scalar) brings
(technical) problems in the theory. Its
mass gets large corrections

O o =2beag, v

->Which must cancel out to give the
Higgs mass
» It is possible to solve this problem in
several ways...the most popular one is
SUperSYmmetry r
= Introduce for each particle its F

superpartner which differs by
spin assignment: a scalar for

each fermion and a spin %
particle for each spin 0,1 . o\
- — Supersynmmetric '
"shadow " particl

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005
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Different phenomenology for different
SUSY breaking scenarios but in all cases

» enlarged Higgs sector

= One Higgs doublet replaced by two,
phenomenology predicts neutral and
charged Higgs bosons.

In most models assumed that
R=(-1)3(B-L+*2s js conserved
= Missing energy in the final state due to
Lightest Super Particle escaping
detection

» There are models (R violating) in
which R is not conserved
= Different final states
SUSY strongly constrained by LEP
results

» models/benchmarks set accordingly...

M,, [GeV]

N

80.70

80.60 —

80.50

80.4

80.3

80.2

1

Some implications |

~

Il]llllll]l][llll

| experimental errors 68% CL:

| = LEP2/Tevatron (m; CDF Runll)

Tevatron (future)

Heinemeyer,
|

I[][][II

[ —— LEP2T evatron (m;: world average)

S
MSS

both models B

Weiglein '05

175 180

m, [GeV]

60 165 170

1

190

j

85
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SUSY at the Tevatron |

masses of sparticles are unknown
» The ene \?y frontier iIs the best place to look

for SUS Dartlcles

I LI |_
2 Gl Pbl: pp — &, 4. [, 257,99, 298, 710 A

W5 =2 Tay -

(GeY)

‘1"1 oy

T zafo

||||||||||||||||1T|li‘-1|||| 1
[0 150 200 250 00 350 4000 450 00

» Implication:

=LHC will be favoured after
startup period

My,

1400

1200

Tk

CMS ?L =100 (300) fb
Ag=0, tan(R) =35,u<0

wwwww

500 L0 1500 2

m,, [ GeV) j
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"‘" MSSM Higgs |

\_

In MSSM Higgs production can be enhanced for

large tanb (=v,/v,). decays mostly to b,t
»tt decay up to ~8%
Several production mechanisms:

=f (from gg or qq) or bbf, with f® tt

> GOOd t |d IS the key s Higgs — t 1 Search, Total Efficiency
& | tanp=30 CDF Run Il Preliminary
& 1
=
— signal Soal
sead fragk ~. —— /solation |.|EJ
:I'I:+ A o = 0.6
E i
0.4/ —AoTT
ukz:_ —A- Ty T
-I'F;-J 1 | I |
/ — Oy, 1o 920 930 140 150 180 170 180 190 200
not associsted m, (GeVic')

with tau candidate

~
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2 MSSM Higgs |

CDF searched for f (from
gg or qq), f® tt

CDF Run Il Preliminary, 310 pb!

e
> background mostly due 10 ot
to Z decays Ml ot fake
.
= Smaller backgrounds: 10} mﬁfusﬁﬂﬂ
(at 95% CL)

ttbar, (di)bosons, QCD

1 [}
MSSM Higes — 77 Search, final events
ThTe ThTp Combined 0.1

i 13234171 1041 4£133 23614205
Z 1t 18402 49404 ATH05
VYV 07401 08401 15401 0 50 100 15 200 250
jet — 1 120436 70421 190457 m . (GeVic?)
Total predicted 1468 £ 175 1168 £ 135 2636 £ 301
Data 133 103 236

CDF Run IT Prehminary

\ )
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Limits are set within the
framework of MSSM

M3 5M Higgs—tt Saarch, COF Run 1l Preliminary, 310 pb?
100 -

BO
(X
ez GO mu
= -]
T, ;"f
by
m

Es

O i

140

100

120
m, (GeV/c?)

MSSM Higgs—zt Search, CDF Run Il Preliminary, 310 pb™
100 ——

80
o 60 M =-200 GeV
- M, = 200 GeV
[T
o

40

20

80 100 120 140 160 180 200
m, (GeV/c?)

Perspectives are good

&0 -
h/A/H —TT
95% exclusion sensitivity

50

100 4 . PR TP SR TR | P
120 160 200 290
my (GeV/c2)

But competition Is coming...
220 ATLAS + CMS |
= SFLdt = 30 fb~' fexp |

0 Maxirmol mixing |
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Chargino/neutralino searches |

Charginos and neutralinos decay through different
channels depending upon the available phase space

* vL x'}
q,WHﬂJ
q
: * I"‘
Z
9 Y3 A <r
q
X3

» Final state with three leptons [ ~g~ ® 47156060
=Golden channel C,C,

- Low background
—>Easy triggering
=However
- Low efficiency
e Large charged lepton coverage helps (DO)
« Adding taus to e and mhelps

~

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005
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DO Searches -3| |

DO searched for events with

=Large MET and high P-charged leptons:
—>eel, mm, ifm* (LS muons),eml

107, y * here | indicates an isolated track of large P;
DS, 320 pb = Data }105 -
10" =Seeten Bado —~>Main bckg 8100, mado o ek
mw 4+ jet /
"z =WW, W2 22 « misidentified Ieptorgw“ =D,
':.:'.: DSUSY

« di-boson production=.2.

74d 03 palnwgn 28017090 x9-day

10%;
£300- D@, 320 pb' | :’ Dﬂl’ 3;‘;“ ';'ibq i%at-a
i - B selieciion

S | u'n’ selection Data consistent with SM =r103 - =

= I P EW + jet/y
800 - Data background 51 mWW.WZ, 22

3 mQcCD - .. 1t
= mZy ¢ | (different quantities for & DsSusy
s [ aa iy ey

= t t each channel are shown) 10
21100 b

1

mpyn (GeV)

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005 15



Limits

and Mslepton>Mc©,

\_

DO adds taus and observes
eel m mm enl mi etl total
Bekg. 0.21+0.12 | L7505 | 5664037 | 0.31+0.13 | 0.36 +0.13 | 058+014 | 3.85+0.75
Expect. 7
Obs. 0 2 1 0 1 0 4
>AS dataagreeSW|th 2 BN s
- 2 Search for ;32 —» 3l1+X D@, 320 pb -
S M eXpeCtathnS, g 0'5:_ . mhqucxzyqzu(xh;1u¢;epm.ﬂ,mxg) Preliminary -
- - = - (e 4 tanf = 3, 1 >0, no slepton mixi =
IImItS are Set Wlthln E . : " ExpectedLimit(no*c)_;
the MSUGRA model: X4 —— ObservedLimit
2 DN 000 W, e Expected Limit E
5 03 s
M_,>117 GeV/c2 at 95%CL E/SIER B e =
Under the assumption of 0.1 i
slepton degenerate Masses OETTTTHTTH_.W L .Er??-?rﬂ.n]". b e .‘:*'.";'"r*.“"."':“';"'r--.--»rr--r-z
100 105 110 115 120 125 130 135 140

Chargino Mass (GeV)

Giorgio Chiarelli, INFN Pisa

PIC 05, Prague July 2005
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In GMSB scenario:_
NLSP can be ¢c®® oG

»For short c®, Iif tlmes
final state:2 O+ W
» Search for anomalous production
=2 ¢20,E>40 GeV (D0,263pb)
=2 13 E>45 GeV (CDF,202pb-)
EWE_.,‘ DO
B = COF Il Data (202 pb - 1 o E;di;aoundwm o
3 B Non-Collision E 111:: genuine m issing E
3" B oo ke proon Noexcess " h bl
% 10 B DGGE[;:;‘IT:GEV, 1.0 e dl
5, s M
2 e 1 ‘ k
° - T
oL LB ] 0 50 100 150 200

Diphoton+g (GMSB c°, ¢t

0 10 20 30 40 50 60 70 80 90 100
Missing E; (GeV)

PIC 05, Prague July 2005

Missing E, (GeV)
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E Chargino-Neutralino |

As events are consistent with background

=Both experiments set limits within the GMSB

Bkgnd Expect |Obs | Limit m,, | Limitm_.
(GeV/c?) | (GeV /c?d)
DO 3.7t0.6 2 195 108
CDF | 0.27+0.07t0.1 | O 167 93
E . DO
© e
:\::.1.71 1_ 15
)
o
107" Nﬁ
. o &
140 180 180 mxlzl:lﬁclav E
IR i vt 3
ao a0 100 mﬂ-lt-ggv} D
o e e b b A IR RA A R
55 &0 G5 TO 75 80 85
A (TeV)
o

Giorgio Chiarelli, INFN Pisa

Combined limit
M., >209 GeV/c?

Neutralino Mass ( eVH:z}

80 90 100 10 120

T T T T
1} CDF 202 pb’ GMSB yy+B, -

. D& 263 pb'1 M=z, N=1Yanp=15, p=0 ]

h __ proskiNONLOD ]

ocD Ulcertainty

D-‘_—

i axpected limit

. —e— observed limit

PETTRIEPIESN ROy (PR PYUF TR |

140 160 180 200 220

Chargino Mass (Ge\ﬁ:zj

PIC 05, Prague July 2005
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Gluinos and Squarks |

Decays of (,g at the Tevatron, produce
» Multijet events with missing energy

I

» For the case of third generation q (b,t),
specific final states can be favoured

Therefore CDF and DO search for
»Large Missing E+
» Multijet events

= ldentification of one or more jet as containing
debris from the fragmentation of b-quarks can
be useful

~

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005
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Jets+MET (gluino/squarks) lw

3 different samples are
designed to investigate &
different regions of the %-
Mz-my plane

?2 Jlets E; >50 GeV), """ i L

=low m,
productm%m%mlnated by 3= o6 R W Bty
aqg £
» 34 jets(E3,>30, E4>20
GeV), E>75 GeV'
=hi M=>>Ms g 1 By,
pr%ducotlon doﬁ’nnates S & oot

iets EL>25 GeV),

[s7=] Hul Il Preliminary

Data: 12

Bckg:12.8+5.4

4=

o a
Miasing ET (GeaV)

Data: 10

Bckg:7.1+0.9

D@ Run Il Preliminary

Events / 10

=> I n;termedlate case,
optimized to cover :
region mye—m,, 1|

» Additional requirements |
tO reduce QC bCkg u 50 100 150 200 zﬁiu?i':ngl:'ﬁﬁev}
k J

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005 20
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Limits |

Use mMSUGRA as a framework. Combine results
from the 3 analyses, limits are set for the case:

sivens  =tan b=3, Ay=0, nx0

H; >250 r
& Run Il Preliminary L=310 pb
— I ‘ [ | rrpra | L | [ I N |
o ] 3 j, MET>100 . .
S . Hy >325 Exp_ec’_c Improvement with Iarger
3 500 4 P21 statistics, CDF ongoing analysis...
S =
0
(]
g 400 § ? CDF Run II Preliminary, 254 pp” = Data
e g no mSUGRAN g B QCD
E 300 Do Il solution \% f 10 E\{v’ Z, WW
7]
3 - 2j, § ¢ ¢
L MET>175 o
200 S ke
H>250 N
1
100 \ .
LEP 142 SO N —
o : _ m(@<m(7,)
0 e o | m BN S B N I ™ I o W B N7 N B N
0 100 200 300 400 500 600 R s
. 2
Gluino Mass (GEV/C ) 100 150 200 250 300

E; [GeV]
Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005 21




Gluino - shottom decays

DF searched for gluino—>sbottom

» 4 b-jets and missing ET

Exclusive Single B-Tagged Events

Inclusive Double B-Tagged Events

E . e PR ERminen b ! % CDF Run Il Prefiminary, 156¢5 "
A —— CDF Data . &
g A B QCD-multijet i — CDFData
EUF W Top 2 ¥ QCD-multiet
z WZ+]ats, Dibosan o W Top
D 510l WiZ+]ets, Diboson
% g gl f
2 ;
0 e
il
1k 'F
0 a0 100 150 200 250 — - L e
Missing E; [GeV] k. ‘,f‘”is gnﬂr[ﬁiﬁ
| Process Exclusive Single B-Tag Inclusive Double B-Tag
EWK 5.66 £ 0.76(stat) £ 1.72(sys) | 0.61 + 0.21(stat) £ 0.19(sys)
TOP 6.18 £+ 0.12(stat) + 1.42(sys) | 1.84 + 0.06(stat) £ 0.46(sys)
QCD 4.57 £ 1.64(stat) £ 0.57(sys) | 0.18 + 0.08(stat) £ 0.05(sys)
Total Predicted | 16.41 &+ 1.81(stat) £ 3.15(sys) | 2.63 £ 0.23(stat) = 0.66(sys)
Observed 21 4

Table 24: Number of expected and observed events in signal region.

Giorgio Chiarelli, INFN Pisa

PIC 05, Prague July 2005

Sbottom mass [ GeV/c?]

[
Gluino — bo . 95% C.L. Exclusion Limit, 156pb™

280+
260
240
220
200
180
160
140+
120

100

|| ~BOGeV /2

miT| = B00 Ge /2

{excl. single 1ag)

CDF Run | excuded

180

240 260 280
Gluino mass [ GeV/2]

22

200 220



/

Direct shottom production |w

DO searched for sbottom—->b+c!, (LSP)
»2 b-jets and missing E+
=Optimize MET, EJ for different masses

=lepton id used to remove e,m
—>b-tagging to improve S/B

D Run 1 Preliminary

3 B e S m e i
P i 4
i o DEI Run i F"relummarg,ir | - Hm 0]
‘g -"5 K r LEP ] 710 pb ]
R 0 W PO (5 8ol O bl A 0 —
No excess @ | 1
1 g ‘3? "::_ b |
imi ¥ 1
107 100 120 140 180 1&2{39‘” Set limits = 60| _3;"' 'f 1
2 T ¥/ CDF Run | 1
= | g 7 88 pb”
3 25¢ DG Run Il Preliminary — ..E:. o Y o E
s b " N 5k 1
E mj (b) : (T |
0 [2 z v g
S 201—i =
- : 4

u_r"il | I | 1 | (- 1 I 1
- e | 0 50 100 150 200

% 100 150 200 250 300 Scalar bottom Mass (Ge’u‘fcz)

E; (GeV)
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Indirectly seeking Susy |

Supersymmetric corrections to
SM processes can be relevant ’ i X

» By precision measurement o 1 .
one can check prediction — A ——

and/or find 1f SUSY
exists... b !

important check is e

» B rare decays
(Bi~>mm By—>nm)
=B, 4 decays to mmvia loop
- Nano-BF: B,.>mm

=>SUSY enhances the BF
- Good

=Decays are rare but B, are
copiously produced at the

Tevatron (and B, at both 4 sitanb )
Tevatron and fadctories) BR(SUSY) u BR(SM) M Xtanb)

5

~ tan®p H

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005 24



E§E B,~>nmresults | w

DF and DO searched for B, decays in mm
» DO finds 4 events (4.3+1.2 expected)
»CDF finds O (1.47+0.18 exp.)
W : .CE'FF’%E# i o : CDI.:P_rﬁ_;Lglampg‘E;‘
S I 51 ' i 5 300 pb-!
i ’ % 18:D@ Run Il Preliminary
o T u.; 3 - S %}g Signal regi‘.i"
L L. likelinood %1'_2 Sideband 1 Sideband 2
1 1
708
= 056
> 04
=02 | |
V45 48 5 52 54 56 58 6 62

\_ Invariant mass (" 1) [GeVlcz]
Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005 25




»No signal found, limits set

= Still no sensitivity for SM
rate (3.5£0.9 x 10-9)

=Can set strong limit to

specific SUSY models
B.~>mm 33())(&/((3(:{. CDF
B.>mm ggg}/ooci DO
By~ gg‘g&a DO
B,>mm géoéf,}o%f BaBar 3
B,~>nm g’égc;f,}o%f CDF 3

\_

CDF @95%CL.:
B> nm<2.1x10~/
By~>mMm<5.1x10-8

expected limit x f0°atQt

Giorgio Chiarelli, INFN Pisa PIC 05,

My [GeV]

2000

1500

1000

a00

,i ‘“ Limits |
|

tanf=50, Ay=0, p>0, my=175 GeV

=30 500 To0 1000 L3250 1500

My /o [GeV]

CDF Projection
BR(B.—pn'u)

To be re-optimized after 1f]

b—l

2 3 a 5 & 7 8

integrated luminosity / o
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RPV SUSY l

Some SUSY models give up R
g b ¢ b
}%’ Tl< T1 <
T WA
it

conservation -
| .<b gﬁf T;.'<: g 11 <:

=>MET is not a must anymore
= Important parameter is the
coupling strength | ;;,
»Searches at theTevatron and
HERA

=>H1,ZEUS looked for resonant
production through RPV ed->stop

CC like channel

v-multi jet channel
NC like channels
e -multi jet channel
e -jet channel

E+
T
}_.
131
d

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005 27



= |
| ZEUS (prel) 99-00 &'p
| 100 GEV <M, < 300 GeV
| MO0 GeV < |1 < 300 GeV
L
-1
| ween
: ------------------------
o
L]

N

ZEUS looks for
»etjet(s), ntjets
=Good agreement with

SM expectations :

=limit as a function of
couplings.

B Exclioded in part of SUSY paraneters |

L3 Lxy 140 RG60 1S0 20 220 2400 MG0 2RO 300

M (G

| R EFE

lan |2 =6
300 < 1 300 GeV
T = M, = IS0 GeV
M gp = 30 GeV im pustd__

i
et
e -

T wraia b

10k

Al L
-¢3‘ e
(a) 3 e
1 " 1

1 1 1 1
100 125 150 175 200 225 250 275
1 (GeV)

SO UAr ) 4

El\": T [ |Excluded in part of parameter space

107 -

ll,trecﬁi,ﬁﬁ< 1.2
400 GeV < | =< 1000 GeV

M, = 1M e
tan £ = 10
Hl M. = 100 GeVY
1“.2||| e e e ey o by ]y
180 200 220 240 260 280
M, [GeV]

Giorgio Chiarelli, INFN Pisa
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Sneutrinos in RPV Susy |

DF searched for
sneutrino production
In e-mevents

» P+ lepton>20 GeV/c

» After selection main
background from Z

No excess set

limits
' — N — T 0.16
-1 4
10° CDF Run 2 Preliminary, 344 pb g :
g ugs ] 0141 CDF Run 2 Preliminary, 344 pb"' | "]
N = o1z | '
':E 10 Mass = 200 Gele® 3
3 Apga =005 o1l
m J._';”:l]jﬁ ] 'I‘:
L] ¥
S - 2 0%
-E t 0.06 -
g - Dibason
w B rakes 1 0.04 . j
107 |
102 005 01 015 02 025 03 035 04 045

50 100 150 200 250 300 350 M,, (Tev/c)

M,, (Gev/c) D5, Prague July 2005 29
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Giorgio Chiarelli, INFN Pisa

Living on a brane.. |

In recent years a new
paradigm for the Physics

BSM:

> Extra Dimensions are
not small!

=>\We are ants on a
surface

=Particles replaced by
strings
» A whole new
phenomenology
- Good!
= A lot of new particles
—>Very good!

=No satisfactory
description of current
situation yet

Replacement of particles
with strings seems
promising to quantize
gravity
» Has an important
consequence:

=Gravitation in our
world is a remnant of a
stronger interaction
which propagates in
extra (compactified)
dimensions

» Current limits from
gravitational
experiments leave

room for a rich
spectrum of searches

~

PIC 05

, Prague July 2005
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Different options |

compatification scale

\_ )

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005

Arkani-Hamed, Randall-Sundrum (RS)
Dimopolous,Dvali (ADD): » One highly curved ED
» Several extra dimensions =>Gravity is localized in
=>Gravity freely propagates the ED
in the (n>2) ED, = Scale of physical
compactified phenomena on the TeV-
=Mz, ~R"M_*2, Ms: string brane is specified by an
scale > exponential warp factor:
=L = Mpekrer
Dienes, Dudas, Gherghetta E>v|§fh~ TeVifkR.~11-12.
(DDG) ere Rc Is the _
compactification radius
» TeV1ED and k is the curvature
=n3 1, Mc is the scale

4 N
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Extra Dimensions |

Phenomenology at
Tevatron collider:

» Direct production of
graviton/Kaluza Klein
excitations (a whole
tower of particles...)

» Indirect effect (i.e.
modification of
spectra/cross section)

» CDF and DO searched
for modification of
ee,mmgg production

= Interpreted in both
LED and RS models
» DO also searched for

effects of TeV!1ED in
Its ee data

» Searches for excess
of missing energ)ém
jet events could be
Interpreted within the
ED framework

=CDF performed a
search in 70 pb-1
which has not been

updated to the current
dataset

~

Giorgio Chiarelli, INFN Pisa

PIC 05, Prague July 2005
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LED with dileptons and gg |w

Search for enhanced D@ Search Strategy:
dilepton production: » Fit distribution of M vs cosg*
40 & _gq e |ge et ofData-SM
N N6/ % @ /| » Extract ?; from the fit
ok e (| e - .
h Ne T i N\ | N\ » Translate 7, into M limit
A 4 » h =F/M_*

» F model dependent
parameter ~1:

Gravity effects >GRW: 1
parametrized by hg: SHLZ:F = log(M2/M2), n=2
) F=2/(n- 2) n>2
d’s =fg, + f h,+f h2 >Hewett F=2 ?/p, ? = 1
dM dcosq 1° =M, is the UV cutoff

4 \ \V = R/IPL(4+n dim)

_ee, ’7’7 scatter. Functlor}s of M & cosg*
invariant angle determined by theory
k mass

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005 33



LED (ee + gg): graviton exchange

Results since 04: AR

 JIEM Mass Spectium | D@y Run Il Preliminary -

1ﬂ' LU LA L L LA N B LI | T |

- D_ﬂ Run II_ Preliminary

SM
prediction Signal
prediction

Events/0.02
2 &

Events/10 GeV

o 01 02 03 04 05 06 OF 083 09 1

diEM Mass, GeV cost*

Cosq” spectrum

Mee, Mgy and cosq -> Data consistent with
background expectation

Bayesian likelihood fitting 2> set 5% CL onhg 5y P e = Ut

95% CL mass limits on Fundamental > 3 4 5 6 7 |

Planck Scale(Ms) (in TeV) = +1

DO Runll 1.36 156 161 1.361.23 1.14 1.08 122

\_ D@ Runl + Run |l 143 167 1.70 143129 1.201.14 128
_/
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to PRL

with

P>15 GeV/c

_ heg-ex/05060

= M50 GeV/c2

D@ Run I}, 246 pt'

SM+ED signal
(qG=3.DTe )

Lower limits on the fundamental Plank scale, Mg in TeV

D& Run Il Preliminary

2000
1500
1000|-

so0f

P IR
06 08 1
|Cos(8 )]

0.2 04

o2

h, =0.00 +

No deviation from SM in data

hes% =0.71 TeV-

LED with nm |w

Search for
=2 mlike obj

>

$10°.1) D@ Run Il 246 pb’

3 0

Ems, o Dala

E g —— M Background

I-lHIJ’;' o SM+EC signal fn_ = 1.0 TeV) |

B SM+ED signal fn = 30 TV} |

19%'100 200 300 400 500 600 700 800
Dimuon Mass (GeV)

033 Tey/-4

—OOO

Giorgio Chiarelli,

GRW HLZ for n = Hewett
2 3 4 5 6 7 | = +1/-1
INFN Pisa| 1.09 1.00 1.29 1.09 0.98 0.91 0.86 0.97/0.95




RS graviton is a spin 2

particle. KK searched as a |
peak in dilepton (see later) or
gg Invariant mass 5
(BF(G>00)=2xBF(G—>ee))

107

Entries/5 GeV/

ee

" s lsvaalisral n
Lo an 100 150 2

miry) (Gewvic”)

Diphoton RS Graviton Search: Mass Distribution

CDF Run Il Preliminary, 345 pb’"

Data, E,>15GaY, [nj<1.04
Total Background

2 gE>15 GeV

89) mm
i . - CDF Run 11 Prelim 200 - B
Diphoton RS Graviton Search, Mass Limits 103 inary ( pb ) 0 CDF Run Il Preliminary (200 pb
COF Run || Preliminary (345 pb ) 2 | —=— 0.BRIG— pp) limil (95% C.L.)
B r . L=
10 TER(G — v Iimit (95% C.L.) ';Wa- . BRIG— pp) prediction
cBRIG — i (PYTHIA =13} = {LO calculation=1.3)
Randaf-Sundrum Modal T 10l
=0 g .m, 5
2 365 GeVic® 18 g 450 GeVie 5
_ 565 GeV/c T 010 f 520 GeV/c :
= : eVic i ? & Ny oy 605 GeVic”
! | 690 GeVic® vl b Tetgsn ]
g. ' A & g g
: ] e e, e W
w10 - \ e T T PO e S, e S
4 \\ 10 Ny ¥
M H luhlpl 0. ‘mﬂx 100l e : “-=H_:__-1 =
L . ~/Mpl = 0.055 ~m, 4 5
K/Mpl = 0.025 ™ o . . . ;
ok . | . KiMpi=0010 1 ™60 30 a0  so0 o0 700
00 300 400 500 600 700 B0 200 400 600 800
k Graviton Mass (GeWic 7} Gravikm mass (GeV/c 2') Qraviion Mass [Ow © ,)
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Randall-Sundrum Graviton |

DO searches in dimuon and dielectron+diphoton
=e and gidentified as EM clusters
->No attempt to separate
=No0 excess over background
% d.-IIIIIIIlllII|llII|IIII|IIII|IIII|IIII|II - 1
DoRunll,2r5ps 3) 3 S'H|  DORunll246ps' b) 1 & hy = a cly
g C — I o —8— 95% CL es+yy LUimits
T 0 g o [ E Iy iyl
= Total Backgroun 010 —— §H Background ; ) \ - 0.0
-ﬁggfgﬁd E () 200 GeV RS Grasiten ;ET \‘{ \ :.:ixﬁﬁ i
OamceVAsemion | {462l Qg I s = a3
2 1 L, a1 \ Rl 3
: { @10 : \ LT Yk 4 S PR
10;__ - é A \ \‘.‘ Dﬁ Run “-'I
: A s 246-275 pb
i % TR \
1_ L RR\ oo
: \ s o
L *, .‘-\'.
- 2L 3= ©u
1u‘§— 10°; S G -0 N o
C g _ Lo ™ \ o
i |' i 10‘2 II]IIjI.]Il I.]II:[ ]Illllll Euu 3““ 4m Euu Eun m
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 80 Graviton Mass (GeV)
DiEM Mass (GeV) Dimuon Mass (GeV)
Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005




Ep_ SRR RS R RS Graviton Searches, 95% C.L. Exclusion Regions
~0.00E N DJ Run I 0.1
sy (RS Model 05% C.L. E
oosE .
= N HM
0.07
0.06
- £ 0.06
0.05— =
= = 0.05
0.04-
g Decay mode
0.03
= I dimuon {200 pb™)
0.02C B dielectron (200 pb|
0.01- | diphoton (345 pb")
ﬂ_ﬂ"l PN R TR N T N T NN TN TN AN SN TN TN NN AN S A SR
500@ rav?tgon MaTS%O(Ge\?? 0 200 300 400 500 600 T00

Graviton Mass {Ge‘#.rnz}

Area below dashed-dotted line is
excluded by EWK (LEP) data

Il has largest acceptance at low mass
oo has largest acceptance at high mass

-

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005
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$5 Searches in dilepton channels |

There is more than search for ED iIn Il channels

» Check measured spectrum against SM expectations for
different backgrounds

= I you see a mass bump: signal found!

=0Otherwise

—look at different possibilities for mother particle. The
actual measurement, once corrected for the acceptance is
of sxBR(p-pbar>X~1)

- Interpretations (i.e. limits for physical states) dependent
upon assumptions on couplings etc

@ XAcc for detecting a p.ai’ticle decaying to lee at G
ﬂ.‘z S’ginno n_.s l'! 1::2 13:-* Blnfﬂsp!:g 1 [ ﬂﬁ:‘ O.IE 0.|~1 kﬂg?}lgln u% [
CDF Run II PrelIminary L CDF Ron II PrelTminary 7 . CDF R TI Preliminary

-——a—— Ceziml - Cyotrel eventa
-—-m—— Coctal - Mlug vvents
b DO+ 0P

——8—— Quuicyl - Qemirw] wywnty
—-m—- Cenhul - Plng evesta
——s—- CC+CP

[.X ]
L
0.7

o8
:_ /._..__.._‘_,_._“‘_‘,_f_‘__‘_*__‘__‘
var S
(11 ‘,p'_.:‘:._.-
oaf ¥~ .
— e e tean |

Disleciron Maas (GeV/e 3) Dirlastrn Masa (GeV/a %)

Giorg
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diEM Mass Spectrum P =
| = | D@ Run Il Preliminary 8 10°
L P e I I I I LR IS IR o
10t I ndf 6263153 £ 10°
Prob 0.1716 S
10° pl 24.03+ 0.7 w ,
pi 0.01187+ 0.00005 10
10 4
10 10

“600

500

700

||||||||| ||||||||| |||||ITI'| ||||||||| |||||I'I1] ||||m'r|—r

D@ Run Il Preliminary

. Data
SM Monte Carlo

250 pb-t

CDF Run 11 Preliminary {200 phb k)

=  [Jata
I[I" [C] Drell - yan
| ocn Background
o TT, WW, WZ, u
= 10
L
<
Wy
E_:_ 10
5
-
1
|
-
10

1o

200 300 400

Driclectron Mass (GeVic 2]l

N

Events / 5 GeVic ®

—_
T

L
T

107
-2 L L | L
"o 200
CDF RUN Il Preliminary (200 pb )
+— Data
‘ll.'!s DY Z-=pp
W QCDscosmics o
210
Ed
10 %
] 0
10 i 2
a
w
1u-'l 5 .-.
| oo
-z ||

! |
100 200 300 400 500 60D 700 80O
Dimuon Mass (GeVic )

) | . " | ) .
400 600 800
Dimuon Invariant Mass (GeV)

High Mass 1 Search
CDF RunI Preliminary 195 ph’

lZ—m

lOiher Backgrounds

E' Control Region

Signal Region

0 20 40 60 80 100120 140 160 180 200

J

m,, [GeVic?]
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She In absence of a signal |

You can interpret the absence of a signal as an
upper limit on new physics in different scenarios

» Sequential neutral gauge boson (Spin 1)
»RS graviton (spin 2)
» Light Higgs scenario

> Technicolor SXBR (X>ee.m)

~m- o BriX— pp) 95% CL Omilt
—t— T BT N— ee) 95% CL I'mht

—— o BriN— 1) 5% L Imit
— BT — 1) Sequerdal) LOw1.3 | —@— o Brii— I 85% CL lmit

3 L0132 = — o BriG— I Lixe<1.3 I'klfl'l.[n=ﬂ.1]

—a- o BriX— pp) 95% CL Nlmit

- oBriX—pp) %5% CL 1tmh

ee) 955% CL mit —h— o BriN— ee)95% CL Nmit

1y 95% CL 1hmh

—— T BriX—

—g— o BriX—

10

MLO (A" *x BR=0.01)

— o Briv— 1

spin-1

| IR N R AT ST TN N SN SO SR S B
200 SO0 SO0 S00
X mass { GeVic )

~
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Z' limits

\_

Giorgio Chiarelli, INFN Pisa

PIC 05, Prague July 2005

8 I L — CDF. Run Il Preliminary (448 pb’)
S 10 D@ Run Il Preliminary n I'::._;_ 10 e Data -
IF T eedimEimsen | 80 () Poseon st Lnceriiny ||
% - . —— Experimental Limits ™~ Ziy— e'e MC 3
8 16 " E 102 [ ] Dijet background _;
g ' E Il Other backgrounds E
- %\x\w e w10 «2dof = 69.4/56 =
e . e ]
- 1 -
2 ] 1 | I | | E E| ] . 10-1 -
W ™"%w@ a4 500 600 _ 700 80 900 S I .
Dimuon Invariant Mass (GeV) 50 100 150 200 250 300 350 400 450 500
2
i M, (GeVic))
f B SM Couplings ee mm ee+mm tt
102 = CDF : /50 735 815 394
';f g D@: 780 680
¥
T Es Z, Zc Zy Zh 200 pht
N f CDF: 610 670 690 715 (ee+nmm)
’31“4_ D@: 575 640 650 680 (ee)
:..l....l....l....|....|....=.."'.--'-;.-‘|..
200 300 400 500 800 70O 8200
Z' Mass, GeV
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can be symmetrized by the
introduction of LQ
= Predicted in many models

= Couple to both qlljarks and
leptons, carry S _
numbers, fractional electric
charge, F=3B+L conserved

= Relevant parameters:

= Couplings | ;; and

= Decays, ordlered
accordln? to
BF(LQ~>Iq)

-

(3)c, Band L

b=1

b=0.

b=0

Leptoquarks |

The fermionic sector of the SM

LQ have been searched
at colliders (LEP,
Tevatron, HERA) for
both indirect effect and
direct production

» ep colliders are a
natural place for
direct production of
1st generation LQ

» Pair-produced at the
Tevatron where all
generations are
available:

~

Giorgio Chiarelli, INFN Pisa
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=} k =]

|
L
>"“ % | Resenant production
.‘_
My =qfsgx

9  schannel 9 g

¥ — momentwm trans fer
squared (“resolution™)

x — fraction of proton momentum

carvied by struck guark

727 (2

¥ = inelasticity (fractional
electron loss)

HERA unique facility for
resonant production:

Virtual exchange

u=channel

W aY

CcC

H1 search in NC events:

il -

Events

I'IIII'l_

roa T

T
= P ok

|||II|r

= ST widdx

LB g P r i Y

e e =
B o PREIFATINVNARY I | s
[ T + ;_
5 e p—re X
Eon o Lo n n n B o n o n | 0o o 0 p g a7
Feaa FE0 =t 25
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E T T
k- |
-4 - W ﬂc
=
= o -...I.I...__;L__:_'_'Tl
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= Ji S
o
’ At
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; A o o= —y
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| O N S |
11k

o B0 LBk 10 140 Qe A58 200 B0 B0 el 280

M, Gy
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HERA:

of LQ:

= Dependence upon
coupling

» No evidence,
=>set limits

For | about 0.3
M, 5>290 GeV/c?

\_

»Resonant production

e

o
e

L
-
o
il
4]

S B
5
i

i
etile:

L

4
S
.5

i
i E
o

i

LA
S
il

.

LA
A

- H1 direct limit

(e p) :

150 175 200 225 250 275 300 325 350 375 400
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Tevatron searches |

DO and CDF searched for LQ of 1st, 2nd 3rd
» 15t generation—>e+jet or ntjet (b=0)

»2"d generation>mrjet or nt+jet

»3'd generation>t+jet or n+jet

»For 1st and 2"d generation also e+jet+n+jet

case (intermediate case, b between O and 1)
= Search generation specific and generation blind

= The actual measurement can be one of the
following:

—>sxb? (two charged leptons and two jets)
sx2bx(1-b) (one charged I, 2 jets, neutrino)
sX(1- b)? (two neutrinos, two jets in final state)

= Independent from couplings

~

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005
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2 LO search in nnjj A

b =BR(LQ®nq) =1

60 :
CDF Run Il Data (191 pb™')

B QCD prediction

[ WiZ + jets and tT prediction
Leptoguark (m g = 115 GeV / c?

(5]
(=]
T

Signature: Large MET and 2 jets

3 off O
Sample Composition: =
W/Z + jets g K
top & 20f °
QCD fakes m{_ _
Expected =118+14 GaoL 20 180 240300

. Missing E ; (GeV)
124 events seen after analysis cuts

M(LQ) > 117 GeV/c2 @ 95 % C.L. R TE{;:;””M“’” .
(1t generation) £ [\ ——crosmp-an,
Flavor independent éﬁ
Phys.Rev.D71:112001,2005 gl
.
DO result with 85 pb not yet updated ©
M(LQ)>109 GeV/c? i

80 100 120 140 21%0
Giorgio Chiarelli, INFN Pisa PIC 05, Pragut Leptoquark Mass (GeV/c’)




DO searched in eetjets g DG Run il Preliminary
»2 EM cluster E;>25 GeV | &'k v Rl
»2 jet Ep>20 GeV, |h <24 | 5
»Z Veto 7
=Bckg:Z/DY, QCD,ttbar N
=Signal e~12-20% T s B

CDF searched with similar
selection criteria

- COF Run |l Preliminary (203 pb™) |
»2e, 2]jets, no”Z e NI

= EARE
g

| Combined Total Acceptance | | S |
[+ !

B 100 ——wme L T e [P 52 o (s [ st e

== ’ CDF efficiendy 0|

g [ E F

E 9:‘}!'_.-.—i—-: E:ah ~ I

B 7o0-

g ;

80— i L . . ==

E B & 2 = [ ] = y i 1

% B0E = F

o E S

= ani -

E L]

e 107 |

= 10

£ H

E u.-...\..l..a. Y WY WSS [N [N NS TR RS TN W WY VN S S W SO R W WY W00 R S—— '

e 200 220 240 260 280 300 120

k ' Leptaquark Mass (GaVic’)
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CDF searches mjj events: ;" ememee
‘ AL

» 2 mP> 25 GeV/c _\\“
> 2 j E(j1,j2)>(30,15) GeV N\

» Z removal N
=>Bckg: DY, top, fakes NS

1n'1 T i, iedl

DO searches in mjj s B
» 2 mP> 15 GeV/c, 2j E>25 GeV

— | Ty i} o Bt 3l Bt 2R BOE & I BeE E R :
[ p T L e ey ey T = . DG Run Il Preliminary
- H H t = | . )
S 35 :JJG Run Il Preliminary E mi‘a f= — = b - e NLO Theory (Scalar LQ,)
u’j 3 o C Z(+jets)—>pp(+jots) = —e— Observed 85% C.L. Limit
- 204 pb'l - = - #1 -+ Expected 95 % C.L. Limit
2.5 — .
E E 10-1 — 1."‘ ]
2 — -+ = : K B =1 :
1.5 |. = - R §
1 - - i
- = 294 pb_l 2
0.5 &
:l . -I--l_t -_I | 5 ¢ g : ! | L1 1 | [ J_ L1 1 | | - |“| Ll | L1 1 | |‘.P L J_ 11 | 1
?uo 200 300 400 500 600 700 81 140 160 180 200 220 240 260 280 300
S, [GeV] Scalar leptoquark mass m q [GeV]
2
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: Exclude at 95% CL M, <170 GeV/c*for b = 0.5
% COF Run Il Preliminary (186 pb ') |
:5 E T T T T T T T T T T imecocscmicican Secters, Pos Hasied 1 31, 97
: : e Y
g .' _ 10 b "-_\ B8 % (8 O0F Lipsar Linsd
! 0 ; 2 L] f w
fu '
§°1;u1;ummmmm,mzsum' .
¥ Leptoquark Mass [Gevic') E
[ Ki ic Acceptances |
o i F : i i i H 4
- 1 = Rl o S Y+ el 3 it i o SRR 10 ©
§ [ b e T s
éo.a — g u 7 e Loptoquark Mass rﬁn\m;"?
E“ S . D S A WUV, (- _
ST b m y & A CDF Run Il Preliminary (203 pb"y |
-E - r ) ' * _._i,; ) i E}‘ T R PP YR TR T N PR LI, ST U 1) P S S L L TR LTS IF Y LI TT O TP
P EX1 2 8 %8 T Y -
M H - 10
0 1:10 1;0 1;50 2t|:0 zéu 240 260
Leptoquark Mass (GeV/c ~)
1]
Exclude at 95% CL M, <176 GeV/c” for b =/0.5
B0 100 120 140 180 180 200 0 240 260 280

Leptogquark Mass (Gelic

N

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2005



Channels: eejj,.enjj, nnjj

Search For First Generation Scalar Leptoguark
P 5 d

o.»

o. =

o. ¥

o.s

o.=

P - NU——
200 pbt

CDF Run Il Praliminary.2 Oo3Ip b

<o zeo izo z oo zzo zao
Leptogquark Mass (Gewfc: )

(I}m-f

BR(LQ - eq)
[=]
T
a4

0.3 Run Ii: ~250pb
02fRunI: ~120pb~"' __~"

LR

LLLLLLLL |I'l||i|||| Ll I|'

Q4% de0 180 200 220 240 260
Scalar Leptoquark Mass (GeV/c 2)

For b =1, | generation
CDFE Runll, M, >235GeV/c?
\_ DO:Runl +11, M, > 256 GeV/c

Channels: nmjj,nnjj,mijj

Search For Second Qanaration Soalar Laepto oo arks
] ’

a7
o
" | o mom 1 2001
o e Lu;:?:iqunrfidnuu lI1:I::I.;"-Il1».-’»‘-!:’?'}?..:" = =an
=~ 1Ic | | T
=4 = =
T 0.9E E
3 it 5 ]
- L : ]
@ F 294 pbt ]
o 0.7F ' -
0-6:_ —2— Run [pjuj + ujvj _:
0-5:_ —a— Run [lujuj . _:
& —=— Run I+l combined 3
0.4F D@ Run Il Preliminary 1
Y ey T SR U ol M W T SN R TR AT SN TN S SN TR S =
140 160 180 200 220 240 260

Scalar leptoquark mass mq [GeV]

for b =1, Il generation
CDFE: Runll, M, > 224 GeV/c?
DO:Runl+ll, M > 251 GeVic?
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=1 1(e,m+1t +3 2] o
-1 tleptonic decay

e+t mHt SUM

Expected 2.6x06 | 22105 | 4.8+0.7

g

Limits obtained from stop searches in RPV SUSY

*f_f-<f "’% <’
<, f“ <, 4

CDF Run I Prellmlnaryr (200 pb-1)

£ <
b

o)
Observed 2 3 > a | — 6,5 (PP —~LQ [Q) Br(LQ—*br} 100% i
,, PP-iiboco  CDF Run Il Preliminary (200 ptr) _ii - \_ h _ +IGF’DF+EGM'E :95% cL upper I|m|t
E 30(D f 910 o - CDF Run | stop search | d
D - Data > B Run I E
525 [] T (m=130 GeV/c?) o [Zf | 1
= [ Z>11 x> . |
22018 B Z>cepp Q —55 | = g
S s f§ QCD, tt, Diboson o | Yl ] :
= | T 3rd Gen ScalarLeptoquark | :
10 o1 = m>129 GeWc2 s
5 * 2 200 pb 1| | o
© [ i i | ]
o 100 110 120 130 140 150 160
0 1 =2 m(LQ) GeV/c?
Number of jets J
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Other possibilities |

There are scenarios which include the existence

=>LFV
= Additional charged bosons (W)
=compositness

=>excited leptons
= ...

~

Giorgio Chiarelli, INFN Pisa

PIC 05, Prague July 2005
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At HERA studied LFV
processes ep->nit)+]
» Extension of LQ searches

» Searches performed by
ZEUS and H1

= ZEUS final results based
on the whole HERA-I :
dataset (~180pb1) el
->No event pass selection, set
limits in the framework of

=

0L

LQ theory ""3-1'50' ——260 70 3;10
= HI, prellmlnary results - M o(GeV)
based on 66pb-! dataset S H1 Preliminary |
->No candidate in mchannel, 1 "*ﬁ""""?““'
0.74x0.25 exp.
->1 cand int chann W‘;
0.56 + 0.16 exp. z'
—=>Set limits 1 st
k 1[['13““' 1I5'I]I Z'IEIDI 250 3'I]U I35I'I]I I4

Giorgio Chiarelli, INFN Pisa PIC 05, Prague July 2( M2 / GeV



Highest M; events at 524 GeV/c?
= N0 excess over background

A possibility in (for example)
= Left-Right Symmetric
Model:
SU(2),xSU(2)xxU(1),
»High P+ etMET

=Compare M; distribution

Events in Each My Bins (GeV/e?)
0 -230 250-350  350-500  S00-T0 W0 - 1000

{ther Backgrounds

W= o

Jets

358443 105425 43+£000 L08£07I 00400
26+63 00+£34 00£031 0.0£00 00200
al+07 32417 2W+326 0124004 0044002

Total Background

433476 227440 TW0+366 LAL0T7T 0044002

Data

41 21 9 1 0

N\
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Events per 5 GeV/c”

o'B{W ey (pb)

III:Il1 , E
j'L di=205pb’ 3
10° -
10° -
10 =
+« DATA .
1 —Total Background 3=
—W s av ]
10" — ML i@t -
= ther backgrounds E

2 i

20,0 I o o
10 = =

10 10 10
2
M, (GeVic®)
: CDF Run 1l Prelirminary
T = g | r— — X = ; ———3
[ Lot =205 pia TRV @
107 (PRMLO)

- 859 L Limit

= L i
200 Sy [=wlnl] [=2wln] (Ralele)
W ass (Gaia™)

Limit: M(W',, )> 842 GeV/c?

Run I results : M(W'y,,)> 754 GeV/c2 CDF )
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preons, elementary constituents of leptons and
quarks, are searched at low energy where they
appear as bound states. Effects parametrized by

»scale, L and sign(destr. or constr.interference)

= In Run 1 CDF and DO searched for by studying
the dilepton spectra 4% L C

= In Run Il DO studied —=f,, +—+
dM dcos Moz oo

DS Run 1l Preliminary

| D@ Run Il Prellminary |
Em: i o D'E:I:[; D ::: e L>3.6(+)-9.1(-) TeV (ee
ém J . o . 400 pb-'l Data ( ) ( ) ( )
3 v o - Me Run 1:3.3-6.1
o [ &'1' - 1
, x’iﬂ}--ﬁ N U L>4.2(+)-9.8(-) TeV (M)
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ra j

56



.
Conclusion |

The Standard Model has been very successful

» still missing piece (Higgs particle)
=and possibilities of inconsistencies ahead of us

» Hints of open guestions
Models for new physics still looking for
experimental evidence

»challenging task...no unique path yet
We are working at the energy frontier and a
very exciting period ahead of us in experimental
physics

» Tevatron/HERA will lead the path to the LHC

= Almost an order of magnitude in energy available
—->New regime?

\_

~
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